Online Supplemental Material Accompanying
Principles of Heating, Ventilating, and Air Conditioning, Ninth Edition

FITTING LOSS COEFFICIENTS

This material provides coefficients for various fittings and loss-inducing components of a duct system.
Covering both rectangular and circular ducting, this material references many sources and provides the
most commonly used items in each category. The categories of fittings in this material are linked here for
ease of navigation:

Entries

Exits

Elbows

Transitions

Junctions (Tees, Wyes, Crosses)
Obstructions

Fan-System Connections

Note that for actual projects, use of the ASHRAE Duct Fitting Database (DFDB) is recommended. The
DFDB includes more than 220 round, rectangular, and flat oval fittings. It is available in electronic form
and has the capability to be linked to duct design programs.

1 ENTRIES

1-1 Duct Mounted in Wall (Hood, Nonenclosing, Flanged, and Unflanged)

(Idelchik et al. 1986, Diagram 3-1)

General. If entry has a screen, use Fitting 6-7 to calculate screen resistance.

Rectangular: D =2HW/(H + W)
t G
SIS L/D
2 t/D 0 0002 0.01 0.05 02 05 =>10
~0 050 0.57 0.68 0.80 092 1.0 1.0
0.02 050 051 052 055 066 072 072
>0.05 050 050 050 050 050 0.50 0.50
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1-2 Smooth Converging Bellmouth Without End Wall (Idelchik et al. 1986, Diagram 34)

' #D 0 001 002 003 004 005
c, 10 087 074 061 051 040
v, #D 006 008 010 012 016 =020
T’ C, 032 020 015 010 006 0.03
o
/
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1-3 Smooth Converging Bellmouth with End Wall (Idelchik et al. 1986, Diagram 3-4)

AN

Vo
——

>

7

r'D 0 0.01 0.02 0.03 0.04 0.05
C, 0.50 0.44 0.37 0.31 0.26 0.22
r/D 0.06 0.08 0.10 0.12 0.16 >0.20
C, 0.20 0.15 0.12 0.09 0.06 0.03

1-4 Conical Converging Bellmouth Without End Wall, Round and Rectangular

- \ ( T |
VO
) 2]~
Sl L/ e =
Lo-d »
Tt
Rectangular: D =2HW/|(H + W)
G,
0, degrees
L/D 0 10 20 30 45 60 90 120 150 180
0.025 1.0 096 093 090  0.85 0.80 072 064 057 0.50
0.05 1.0 0.93 0.86 080 0.73 0.67 0.60 056 052 0.50
0.10 1.0 0.80 0.67 0.55 046 041 0.41 0.43 046  0.50
0.25 1.0 0.68 0.45 0.30 0.21 0.17 0.21 0.28 0.38 0.50
0.60 1.0 046 027 018 0.14 0.13 0.19 027 037 0.50
1.0 1.0 0.32 020 0.14 0.11 0.10 0.16 024 0.35 0.50
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1-5 Conical Converging Bellmouth with End Wall, Round and Rectangular
(Idelchik et al. 1986, Diagram 3-7)

7,
%
2
N |
f N
N v,
H 0> A—)—
P o
~
J ,
‘ |
LW’* N —p
N
N
‘lr—’n—--L
Rectangular: D =2HW/|(H + W)
CO
0, degrees
L/D 0 10 20 30 45 60 90 120 150 180
0.025  0.50 0.47 0.45 0.43 0.41 0.40 0.42 0.44 0.46 0.50
0.05 0.50 0.45 0.41 0.36 0.32 0.30 0.34 0.39 0.44 0.50
0.075  0.50 0.42 0.35 0.30 0.25 0.23 0.28 0.35 0.43 0.50
0.10 0.50 0.39 0.32 0.25 0.21 0.18 0.25 0.33 0.41 0.50
0.15 0.50 0.37 0.27 0.20 0.16 0.15 0.23 0.31 0.40 0.50
0.60 0.50 0.27 0.18 0.13 0.11 0.12 0.20 0.30 0.40 0.50
1-6 Intake Hood (Idelchik et al. 1986, Diagram 3-18)
]" 2D C,
e B
e L 0, LD
11_ degrees 0.1 0.2 0.3 0.4 0.5 0.6 0.8 1.0 4.0
t
L 0 263 1.83 1.53 139 131 1.19 1.08 1.06 1.0
’9 ;l) 15 1.32 0.77 0.60 048 041 030 028 0.25 0.25
1
D
Ao {Vo
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1-7 Hood, Tapered, Flanged or Unflanged (Brandt and Steffy 1946)

Hood Shape: Round

A
| 0,
9 Ao degrees 0 20 40 60 80 100 120 140 160 180
Vo C, 1.0 0.11 0.06 0.09 0.14 0.18 0.27 0.32 0.43 0.50
Hood Shape: Square or Rectangular
Al > 2Aq 0,
) ) degrees 0 20 40 60 80 100 120 140 160 180
6 is major angle for rectangular hoods
C, 1.0 0.19 0.13 0.16 0.21 0.27 0.33 0.43 0.53 0.62
1-8 Orifice, Sharp-Edged, Inlet Duct (Idelchik et al. 1986; Diagrams 3-12, 3-14, and 4-19)
Vo
D, e
Ao
/Dy £ 0.015
Re=D,V,/v
A,,: orifice area
CO
AylA,
Rex 107 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
4 45 18 7.9 3.9 23 1.3 0.83  0.51
10 49 20 9.2 4.4 2.7 1.5 0.96  0.59
20 50 21 9.3 4.9 2.9 1.6 1.1 0.65
100 55 23 11.0 5.6 33 1.9 1.2 0.75
2 EXITS
General. If exit has a screen, use Fitting 6-7 to calculate screen resistance.
2-1 Exit, Abrupt, Round and Rectangular (Idelchik et al. 1986, Diagram 11-1)
Uniform Velocity Distribution
Cc,=10
VO
c———»
2 Exponential, Sinusoidal, Asymmetrical, and

Parabolic Velocity Distribution

Idelchik et al. (1986), Diagram 11-1.

C, varies from 1.0 to 3.67. For details, consult
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2-2 Exit, Abrupt, Round and Rectangular, with End (Idelchik et al. 1986, Diagrams 5-2 and 5-4)

N
A\ C,=0.88
A
N
N
s r
——
N\
N
N\
N
N
N\

2-3 Exit, Duct Flush with Wall, Flow along Wall (Idelchik et al. 1986, Diagram 11-2)

v ‘; ;
A
w
SECTION A-A
Round Rectangular
Co CO
Vive Aspect Y,
0, Ratio 0,
degrees 0 0.5 1.0 1.5 2.0 (H/W) degrees 0 0.5 1.0 1.5 2.0
<45 1.0 1.0 1.1 1.3 1.6 <0.2 <90 1.0 0.95 1.2 1.5 1.8
60 1.0 0.90 1.1 1.4 1.6 120 1.0 1.1 1.1 1.4 1.9
90 1.0 0.80 095 1.4 1.7 150 1.0 095 095 1.4 1.8
120 1.0 0.80 095 1.3 1.7 0.5-2.0 <45 1.0 1.0 1.1 1.3 1.6
150 1.0 0.82 0.83 1.0 1.3 60 1.0 0.90 1.1 14 1.6

90 1.0 0.80  0.95 1.4 1.7
120 1.0 0.80  0.95 1.3 1.7
150 1.0 0.82  0.83 1.0 1.3

>5 45 1.0 092 093 1.1 1.3
60 1.0 0.87  0.87 1.0 1.3
90 1.0 082 0.80 097 1.2
120 1.0 0.80 076 090 098
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2-4 Exit, Round, Diverging (Idelchik et al. 1986, Diagram 11-3)

A

e (CTT ) M
Ao K

o—
G,
0, degrees

AqlA, 8 10 14 20 30 45 260
2 0.36 0.33 0.37 0.51 0.90 1.0 1.0
4 0.24 0.21 0.28 0.40 0.70 0.99 1.0
6 0.20 0.19 0.26 0.37 0.67 0.99 1.0
10 0.18 0.16 0.24 0.36 0.68 0.99 1.0
16 0.16 0.16 0.20 0.36 0.66 0.99 1.0

2-5 Exit, Round, with End Wall Transition (Idelchik et al. 1986, Diagram 5-8)

SO

4
V,
(] 8 +

0~ 2

Vs

L /

0 = optimum angle

L/D 0.5 1.0 2.0 3.0 4.0 5.0 6.0 8.0 10 12 14

0, degrees 34 24 16 13 11 10 9 8 7 6 6
C, 041 032 024 020 0.17 0.15 0.14 0.12 0.11 0.11 0.10
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2-6 Exit, Rectangular, Two Sides Parallel, Diverging, Symmetrical (Idelchik et al. 1986, Diagram 11-6)

/"
Vo >
< Ao 6
-
w
0.5<H/W<2.0
C0
0, degrees
Aq/A, 8 10 14 20 30 45 >60
2 0.50 0.51 0.56 0.63 0.80 0.96 1.0
4 0.34 0.38 0.48 0.63 0.76 0.91 1.0
6 0.32 0.34 0.41 0.56 0.70 0.84 0.96

2-7 Exit, Rectangular, with Wall, Two Sides Parallel, Symmetrical, Diverging
(Idelchik et al. 1986, Diagram 5-10)

SANNN

—t—

0 = optimum angle
L/H 0.5 1.0 20 30 4.0 5.0 6.0 8.0 10 12 14
0, degrees 50 35 25 21 18 16 15 13 12 11 10
C, 0.53 044 035 031 028 025 024 022 020 0.19 0.19
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2-8 Exit, Rectangular, Pyramidal, Diverging (Idelchik et al. 1986, Diagram 11-5)

Co
Vo 0, degrees
e 6,
94 Ao AA, 8 10 14 20 30 45 =60
2 065 068 074 0.82 092 1.1 1.1
ELEVATION

\ 4 0.53 0.60 069 0.78 090 1.0 1.1
Ay

5 10 045 0.53 0.64 0.74 0.85 097 1.1

0 is larger of 0, and 6,
PLAN

< 6 050 0.57 066 077 091 1.0 1.1
6

2-9 Exit, Rectangular, with Wall, Pyramidal, Diverging (Idelchik et al. 1986, Diagram 5-9)

/

Vo
B g

<

A—z—r
®

—w—R

SIDE VIEW \

D=2HW/(H+ W)
0 = optimum angle

L/D 05 10 20 30 40 50 60 80 10 12 14
0, degrees 26 19 13 11 9 8 7 6 6 5 5
C

o

0.49 040 030 026 0.23 021 0.19 0.17 0.16 0.15 0.14
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2-10 Exit, Discharge to Atmosphere from a 90° Elbow, Rectangular and Round
(Note: Elbow Loss Included) (Idelchik et al. 1986, Diagram 11-14)

— Wor D
1 -
[ s
DISCHARGE TO
ATMOSPHERE
Vo
Rectangular Round (v/D =1.0)
c, L/'D 09 1.3
LW C, 1.5 14
riw 0 0.5 1.0 1.5 2.0 3.0 4.0 6.0 8.0 12.0
0 3.0 3.1 32 3.0 2.7 2.4 2.2 2.1 2.1 2.0
0.75 22 2.2 2.1 1.8 1.7 1.6 1.6 1.5 1.5 1.5
1.0 1.8 1.5 14 1.4 1.3 1.3 1.2 1.2 1.2 1.2
1.5 1.5 1.2 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
2.5 1.2 1.1 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0

2-11 Exhaust Hood (Idelchik et al. 1986, Diagram 11-16)

2D

0.3D0

15°

Vo

Poor Design—Should Not Be Used

L/D

0.1

0.2

0.25 0.3 0.35 0.4 0.5

C()

2.6

1.2

1.0 080 0.70 0.65 0.60
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2-12 Stackhead (Idelchik et al. 1986, Diagram 11-23)

diD, = 1.0
A C.=1.0 d/D 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
o .
' ! Yy Cc, 130 41 17 81 44 26 16 10
l :]
{ Vo |
{
n |
! i
! |
| D—=q
| | 4D
| |
l l
| |
{ 1
1 |
! {
{
{ 1 |
T
" l"l 6 in.
| {
: {
!
|
A
| |
| I BRACKET
D-1in. l=—=1| UPPER STACK
Os/' TO DISCHARGE
1 DUCT
3 ELBOWS
3-1 Elbow, Smooth Radius (Die Stamped), Round (Locklin 1950, Equation A-10)
C,= KqC "
Coefficients for 90° Elbows
D 05 075 10 15 20 25
¢/ 071 033 022 0.15 013 0.12
 ———
Angle Correction Factors K, (Idelchik et al. 1986, Diagram 6-1):
0, degrees 0 20 30 45 60 75 90 110 130 150 180
Ky 0 0.31 0.45 0.60 0.78 0.90 1.00 1.13 1.20 1.28 1.40
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3-2 Elbows; 5-, 4-, and 3-Pieces, Round (Locklin 1950, Figure 10)

ot )
5-PIECE 4 -PIECE 3-PIECE
Coefficients for 90° Elbows (C}) Angle Correction Factors K, (Idelchik et al. 1986, Diagram 6-1)
No. of r'D 0,

Pieces 0.75 1.0 15 2.0 degrees O 20 30 45 60 75 90 110 130 150 180

S 046 033 024 019 Ky 0 031 045 0.60 0.78 0.90 1.00 1.13 120 128 140

4 0.50 037 027 024
3 0.54 042 034 0.33

3-3 Elbow, Mitered, Round (Idelchik et al. 1986, Diagram 6-5)

Co = KreCh

0,
degrees 20 30 45 60 75 90

C, 008 0.16 034 055 081 1.2

Reynolds Number Correction Factors: M/hc

Rex10™ 1 2 3 4 6 8 10 =14
Kge 140 126 1.19 1.14 1.09 1.06 1.04 1.0

3-4 Elbows, 30,° Z-Shaped, Round

30° Co = KreCo

—t LD 0 05 10 15 20 25 30

\ \ ¢, 0 015 0.15 0.16 0.16 0.16 0.16
~
\ ) Reynolds Number Correction Factors

0Rex10‘41 2 3 4 6 8 10 >14
Kgo 1.401261.191.141.091.061.04 1.0

Vo

[
L

300 m— D
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3-5 Elbow, Without Vanes, Rectangular (Idelchik et al. 1986, Diagram 6-1)

Smooth Radius
Co = KoKpreC'y
w
H
FRONT VIEW
SIDE VIEW
90°, Sharp Throat Radius Heel (#/W = 0.5)
T Co = KreCh
w < ~
Y )
e 1 —>]
FRONT VIEW l\’
SIDE VIEW

Coefficients for 90° Elbows (C})

H/W
riw 025 05 075 1.0 1.5 2.0 3.0 4.0 5.0 6.0 8.0
0.5 1.3 1.3 1.2 1.2 1.1 1.0 1.0 1.1 1.1 1.2 1.2
075 057 052 048 044 040 039 039 040 042 043 044
1.0 027 025 023 021 019 018 0.18 0.19 020 021 021

1.5 022 020 019 0.17 0.15 0.14 0.14 0.15 0.16 0.17 0.17
20 020 018 016 0.15 0.14 013 0.13 0.14 0.14 0.15 0.15

Angle Correction Factor

0, degrees 0 20 30 45 60 75 90 110 130 150 180
Ky 0 031 045 060 078 050 1.00 1.13 120 128 140

Reynolds Number Correction Factor (Kg,)

Re x 1074
w1 2 3 4 6 8 10 14 >20
05 140 126 1.19 114 109 106 104 10 1.0
>075 20 177 164 156 146 138 130 115 1.0
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3-6 Elbow, Mitered, Rectangular (Idelchik et al. 1986, Diagram 6-5)

—T_ Vo Z 9 CO = KReC,o
w - -
|
N\
H
FRONT VIEW SIDE VIEW
Cho
0, HIW
degrees 025 05 0.75 1.0 1.5 2.0 3.0 4.0 5.0 6.0 8.0
20 0.08 0.08 0.08 0.07 0.07 007 006 0.06 0.05 0.05 0.05
30 0.18 0.17 0.17 0.16 0.15 0.15 0.13 0.13 0.12 0.12 0.11
45 038 037 036 034 033 031 028 027 026 025 024
60 0.60 0.59 057 055 052 049 046 043 041 039 038
75 0.89 0.87 0.84 081 077 073 067 0.63 0.61 058 0.57
90 1.3 1.3 1.2 1.2 1.1 1.1 098 092 0.8 0.85 0.83
Reynolds Number Corrections Factors
Rex 107 1 2 3 4 6 8 10 >14
Kge 1.40 1.26 1.19 1.14 1.09 1.06 1.04 1.0
3-7 Elbow, Smooth Radius with Splitter Vanes, Rectangular
(Locklin 1950, Equation 10; Madison and Parker 1936)
a. One Splitter Vane
SPLITTER VANE C,=KyC,
/ R{=R/CR
T where
W R = throat radius
J R, = splitter vane radius
R B CR = curve ratio (values from Table 3-7.a)
h Ky = angle factor (see Fitting 3-1 for values)

FRONT VIEW

SIDE VIEW
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Table 3-7.a Coefficients for Elbows with One Splitter Vane

Co

H/W

RIW  rIW CR 025 0.5 1.0 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0

0.05 055 0218 052 040 043 049 055 066 075 084 093 1.0 1.1
0.10 060 0302 036 027 025 024 030 035 039 042 046 049 052
0.15 065 0361 028 021 0.18 019 020 022 025 026 028 030 032
020 0.70 0408 022 0.16 0.14 0.14 0.15 0.16 0.17 0.18 0.19 020 0.21
025 075 0447 018 o013 0.11 0.11 o0.11 0.12 0.13 0.14 0.14 0.15 0.15
030 0.80 0480 0.15 0.11 0.09 0.09 009 0.09 0.10 0.10 o0.11 0.11 0.12
035 085 0509 0.13 0.09 008 0.07 007 0.08 008 0.08 008 0.09 0.09
040 090 0535 0.11 0.08 007 006 006 006 006 0.07 007 0.07 0.07
045 095 0557 0.10 0.07 0.06 0.05 005 0.05 005 0.05 006 0.06 0.06
050 1.00 0577 0.09 0.06 005 0.05 004 0.04 004 0.05 005 0.05 0.05

b. Two Splitter Vanes

SPLITTER VANEWN?2

C,=KyC,
SPLITTER VANE #1 R, =RICR
- R, =Ry/CR=RICR?
i | where
Vi\l Fi R = throat radius
A Ry = splitter vane # | radius
{——N —“ } R, = splitter vane # 2 radius
i R _1,__1 .J CR = curve ratio (value from Table 3-7.b)
4= Ky = angle factor (see Note 3 for values)
+—R;
+—

Table 3-7.b Coefficients for Elbow with Two Splitter Vanes

<

H/W

RIW  riW CR 025 05 1.0 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0

0.05 055 0362 026 020 022 025 028 033 037 041 045 048 0.51
0.10 060 0450 0.17 0.13 0.11 012 013 015 0.16 0.17 0.19 020 021
0.15 0.65 0507 0.12 0.09 0.08 008 008 009 010 0.10 0.11 0.11 0.11
020 0.70 0.550 0.09 0.07 0.06 005 006 006 006 006 007 007 0.07
025 075 0585 0.08 0.05 004 004 004 004 005 005 005 005 0.05
030 080 0613 0.06 004 003 003 003 003 003 003 004 004 0.04
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c. Three Splitter Vanes

SPLITTER VANE # 3 C,=KyC,
[rmemies, k- nck
T 777 1. R2=R1/CR=R/CR§
w 77 ° R; =R,/CR=R/CR
l ! where
+_H___4 4_ R = throat radius
Rt R; = splitter vane # ] radius
«m"l R, = splitter vane # 2 radius
-y R; = splitter vane # 3 radius
L, CR = curve ratio (value from Table 3-7.c)
-y Ky = angle factor (see Note 3 for values)

Table 3-7.c Coefficients for Elbow with Three Splitter Vanes (C},)

H/W
RIW W CR 0.25 0.5 1.0 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0
0.05 0.55 0467 0.11 010 012 013 0.14 0.16 0.18 0.19 021 022 0.23
0.10 0.60 0.549 0.07 0.05 0.06 0.06 0.06 0.07 0.07 0.08 0.08 0.08 0.09
3-8 Elbow, Mitered, with Single-Thickness Vanes, Rectangular (Rozell 1974)
v Design Dimensions, in.
L . AIR No. r s L C,
FLOW 12 2.0 1.5 0.75 0.12
2 4.5 2.25 0 0.15
3 4.5 3.25 1.60 0.18

TRAILING EDGE 2 When extension of trailing edge is not provided for this vane, losses are
approximately unchanged for single elbows, but increase considerably for

elbows in series.

3-9 Elbow, Mitered, with Double-Thickness Vanes, Rectangular (Rozell 1974)

Vane

4000 Runner

w N

I 20 15 027 022 0.9
>\ & 20 15 033 029 026
20 213 038 031 027

PUSH-ON VANE RUNNER

S C,
Yo oS S(n D - - . -
SS "D Dimensions, Velocity V',
oD . in. fpm
Design
EMBOSSED VANE RUNNER  No. r s 1000 2000 3000
g

N

45 325 026 021 0.18

0.17 Embossed
0.23  Push-On
0.24 Embossed
0.16 Embossed
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3-10 Elbow, Variable Inlet/Outlet Areas, Rectangular (Idelchik et al. 1986, Diagram 6-4)

Co
wilw,
0.6 0.8 1.2 1.4 1.6 2.0
VO
0.25 1.8 1.4 1.1 1.1 1.1 1.1
Wo _/l, 1.7 1.4 1.0 095 090 0.84
1.5 1.4 081 076 072  0.66
\k<w.
0 1.5 1.0 069 0.63 060 0.55
Reynolds Number Correction Factor
Re x 107 1 2 3 4 6 8 10 >14
KRe 1.40 1.26 1.19 1.14 1.09 1.06 1.04 1.0

3-11 Elbows, 90°, Z-Shaped, Rectangular (Idelchik et al. 1986, Diagram 6-11)

,/__w C=KKgC',

Coefficients for W/H = 1.0
L/'H 0 04 06 08 10 12 14 16 1.8 20

Y/
_9_. 4 - ‘]. C, 0 06209 16 26 36 40 42 42 42
L L/H 24 28 32 40 50 60 7.0 9.0 100 ¥
H— + ~ J C, 37 33 32 31 29 29 28 27 25 23
Reynolds Number Correction Factor Apply the Following Factor for Other Than H/W = 1.0

Rex 1074 1 2 3 4 6 8 10 =214 WHO025050075 1.0 1.5 2.0 3.0 40 6.0 8.0
Kre 140 1.26 1.19 1.14 1.09 1.06 1.04 1.0 K 1.10 1.07 1.04 1.0 0.95 0.90 9.83 0.78 0.72 0.70

3-12 Combined 90° Elbows Lying in Different Planes, Rectangular (Idelchik et al. 1986, Diagram 6-11)

C,=KKr.C§
\~ Coefficients for Square Ducts
'\ Lw 0 04 06 08 10 12 14 16 1.8 20
T i\\ T c, 12 24 29 33 34 34 34 33 32 31
\ 1- l \:l\\ L'w 24 28 32 40 50 60 70 90 100 ¥
Vo SN | _Y_ c, 32 32 32 30 29 28 27 25 24 23
f<d H->
Y
Reynolds Number Correction Factor Apply the Following Factor for Other Than H/W =1.0

Rex10* 1 2 3 4 6 8 10 214 H/W 025050 075 1.0 1.5 20 30 40 60 8.0
Kge 140 1.26 1.19 1.14 1.09 1.06 1.04 1.0 K 1.10 1.07 1.04 1.0 0.95 0.90 0.83 0.78 0.72 0.70

© 2021 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission
in either print or digital form is not permitted without ASHRAE's prior written permission.



Online Supplemental Material Accompanying Principles of HVAC, 9th Edition: Fitting Loss Coefficients 17

3-13 Offset, S-Shaped (Gooseneck), Rectangular and Round (Idelchik et al. 1986, Diagram 6-16)

C,=KC,
where

C, = offset loss coefficient
c, =

single elbow loss coefficient
(see Fittings 3-1, 3-2, and 3-5)

r (centerline)/W>1.0

b= Hziww
R
K

0, L/D

degrees 0 1 2 3 4 6 8 10 12 14 16 18 20 25 >40
15 020 042 0.60 078 094 116 120 1.15 1.08 1.05 1.02 1.00 110 125 2.0
30 040 0.65 088 1.16 120 1.18 1.12 1.06 1.06 1.15 128 140 150 1.70 2.0
45 0.60 1.06 120 123 120 108 1.03 1.08 1.17 130 142 155 165 180 2.0
60 1.05 138 137 128 115 1.06 1.16 130 142 154 166 176 185 195 2.0
75 1.50 158 146 130 127 130 137 147 157 168 175 1.80 188 197 2.0
90 1.70 1.67 140 137 138 147 155 163 170 1.76 182 1.88 192 198 2.0
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3-14 Offset, S-Shaped in Two Planes 90° Apart, Rectangular and Round
(Idelchik et al. 1986, Diagram 6-16)

D=0,
/D,>1.0

C,=KC|,

where

C, = offsetloss coefficient

C), = single elbow loss coef-

o ficient (see Fittings
) 3-1,3-2, and 3-5)
t (centerline)/W> 1.0
2HW
D=wrw
H 4
K
L/D
6, !
degrees 0 1 2 3 4 6 8 10 12 14 20 25 40

60 20 190 150 135 130 120 125 150 163 1.73 185 195 20
90 20 180 1.60 155 155 165 180 190 193 198 2.0 2.0 2.0

3-15 Elbows (4), 45°, Smooth Radius, Rectangular, Arranged to Go Around an Obstruction
(SMACNA 1981, Table 6-14K)

Vo FoA\
L
—_— 1 i r -+ P
| |BY
[ 4
/
]—-12"-—‘
SIDE VIEW
T
i WIH=4,v/H=1.5,L=15H
w V,, fpm 800 1200 1600 2000 2400
C, 0.18 0.22 0.24 0.25 0.26
FRONT VIEW
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4 TRANSITIONS

4-1 Transition, Round (Idelchik et al. 1986, Diagrams 5-2 and 5-22)

Ao

AJA <1

Vo
Ao

AJA, > 1

/QK
\K
7\
|

A

CO

0, degrees

A,l4; 10

15 20

30

45

60

920

120

150

180

0.06 0.21
0.1 0.21
0.25 0.16
0.5 0.11
1 0
2 020
4 0.80
6 18
10 5.0

0.29 0.38
0.28 0.38
0.22 0.30
0.13 0.19
0 0
0.20 0.20
0.64 0.64
14 14
50 5.0

0.60
0.59
0.46
0.32
0
0.20
0.64
1.4
5.0

0.84
0.76
0.61
0.33
0
0.22
0.88
2.0
6.5

0.88
0.80
0.68
0.33
0
0.24
1.1
25
8.0

0.88
0.83
0.64
0.32
0
0.48
2.7
6.5
19

0.88
0.84
0.63
0.31
0
0.72
43
10
29

0.88
0.83
0.62
0.30
0
0.96
5.6
13
37

0.88
0.83
0.62
0.30

1.0
6.6
15
43

4-2 Transition, Rectangular, Two Sides Parallel, Symmetrical (Idelchik et al. 1986, Diagram 5-5)?

zz-Ag—--—’— 8} _’}_'____._.».
Vo
1
G,
0, degrees
A,lA4 10 15 30 30 45 60 90 120 150 180
0.06 0.26 0.27 0.40 0.56 0.71 0.86 1.00 0.99 0.98 0.98
0.1 0.24 0.26 0.36 0.53 0.69 0.82 0.93 0.93 0.92 0.91
0.25 0.17 0.19 0.22 0.42 0.60 0.68 0.70 0.69 0.67 0.66
0.5 0.14 0.13 0.15 0.24 0.35 0.37 0.38 0.37 0.36 0.35
1 0 0 0 0 0 0 0 0 0
2 0.23 0.20 0.20 0.20 0.24 0.28 0.54 0.78 1.0 1.1
4 0.81 0.64 0.64 0.64 0.88 1.1 2.8 4.4 5.7 6.6
6 1.8 1.4 1.4 1.4 2.0 2.5 6.6 10 13 15
10 5.0 5.0 5.0 5.0 6.5 8.0 19 29 37 43

%4,/41 > 1 is tentative (adapted from Fitting 4-1 data).
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4-3 Transition, Rectangular, Three Sides Straight?

|
tr 3
| 2 9 —_—
Co
0, degrees
A,lA, 10 15 20 30 45 60 90
0.06 0.26 0.27 0.40 0.56 0.71 0.86 1.00
0.1 0.24 0.26 0.36 0.53 0.69 0.82 0.93
0.25 0.17 0.19 0.22 0.42 0.60 0.68 0.70
0.5 0.14 0.13 0.15 0.24 0.35 0.37 0.38
1 0 0 0 0 0 0 0
2 0.23 0.20 0.20 0.20 0.24 0.28 0.54
4 0.81 0.64 0.64 0.64 0.88 1.1 2.8
6 1.8 1.4 1.4 1.4 2.0 2.5 6.6
10 5.0 5.0 5.0 5.0 6.5 8.0 19
Tentative (assumed same as Fitting 4-2 data).
4-4 Transition, Rectangular, Pyramidal (Idelchik et al. 1986, Diagram 5-4)?
Co
0, degrees
A,lAy 10 15 20 30 45 60 920 120 150 180
0.06 0.26 0.30 0.44 0.54 0.53 0.65 0.77 0.88 0.95 0.98
0.1 0.24 0.30 0.43 0.50 0.53 0.64 0.75 0.84 0.89 0.91
0.25 0.20 0.25 0.34 0.36 0.45 0.52 0.58 0.62 0.64 0.64
0.5 0.14 0.15 0.20 0.21 0.25 0.30 0.33 0.33 0.33 0.32
1 0 0 0 0 0 0 0 0 0 0
2 0.23 0.22 0.21 0.20 0.22 0.2 0.49 0.74 0.99 1.1
4 0.84 0.68 0.68 0.64 0.88 1.1 2.7 43 5.6 6.6
6 1.8 1.5 1.5 1.4 2.0 2.5 6.5 10 13 15
10 5.0 5.0 5.1 5.0 6.5 8.0 19 29 37 43

24,/4, >1 is tentative (adapted from Fitting 4-1 data).
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4-5 Transition, Round/Rectangular (Idelchik et al. 1986, Diagram 5-27)

8s2 c,
0, degrees
Vo A A4, 8 10 14 20 30 45 60 90 180
AO 2 0.14 0.15 0.20 0.25 0.30 0.33 0.33 0.33 0.30
\ 4 020 0.25 0.34 0.45 0.52 0.58 0.62 0.64 0.64
6 0.21 0.30 0.42 0.53 0.63 0.72 0.78 0.79 0.79
>10 0.24 0.30 0.43 0.53 0.64 0.75 0.84 0.89 0.88
Or2
[l
L vo Aq

‘IAO>

\

4-6 Transition, Rectangular to Round (Idelchik et al. 1986, Diagram 5-26)

A
—

Re=DV /v
B=W/H(A,/A4,)*
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C,for4,>A;and H<D

C,for4,<Ajand H<D

Re x B Re x B
104 LD 01 05 1 2 5 10 20 50 104 LD 01 1 5 10 20 50
1 1 046 048 050 0.55 0.70 094 14 29 1 1 027 027 028 029 031 0.37
1.5 046 047 049 053 0.64 082 12 23 3027 027 028 029 030 033
2 046 047 048 0.50 0.58 0.71 098 1.8 4 027 027 028 028 029 0.32
3045 046 046 048 0.51 057 0.69 1.0 5 027 027 027 027 027 027
4 045 046 046 046 048 051 0.56 0.73 2 1 025 025 026 027 029 0.35
5 045 046 046 047 049 0.53 0.61 0.84 3025 025 025 026 028 033
2 1 041 043 046 051 0.66 090 14 29 4 025 025 025 026 027 0.30
1.5 041 043 045 048 059 078 1.1 22 5 025 025 025 025 025 025
2 041 042 044 046 0.54 067 093 1.7 5 1 018 0.18 0.19 020 0.22 0.28
3041 042 042 043 047 053 0.64 0.99 3018 0.8 0.19 020 022 0.27
4 041 041 041 042 044 046 0.52 0.69 4 018 0.18 0.19 0.19 020 0.23
5 041 041 042 043 045 049 0.57 0.80 5 0.8 0.18 0.18 0.18 0.18 0.18
5 1 031 033 035 040 055 079 13 2.8 10 1 0.1 0.11 0.12 0.13 0.15 0.21
1.5 031 032 034 038 049 067 10 2.1 3011 0.11 0.12 0.13 0.14 0.19
2 031 032 033 036 043 057 083 1.6 4 011 0.11 0.12 0.12 0.13 0.16
3030 031 031 033 036 042 0.54 0.88 5 011 0.1 0.11 0.11 0.11 0.11
4 030 031 031 031 033 036 041 0.58 20 1 0.04 0.04 0.05 0.06 0.08 0.14
5 030 031 031 032 034 038 046 0.70 3 0.04 0.04 0.05 0.06 0.07 0.12
10 1 0.9 021 023 028 043 068 12 26 4 004 0.04 0.05 0.05 0.06 0.09
15 0.19 020 022 026 037 055 0.92 2.0 5 0.04 0.04 0.04 0.04 0.04 0.04
2019 020 021 024 031 045 071 15 50 1 0 0 001 002 004 0.10
3019 0.19 020 021 0.24 030 042 0.77 30 0 001 0.02 0.04 0.09
4 018 0.19 0.19 0.19 021 024 029 0.46 4 0 0 001 001 002 0.05
5 0.8 0.19 0.19 020 022 026 034 058 5.0 0 0 0 0 0
20 1 0.07 009 0.12 0.17 031 056 1.1 25
1.5 0.07 0.09 0.10 0.14 025 0.43 0.80 0.9
2007 0.08 0.09 0.12 020 033 0.59 1.4
3007 0.07 0.08 0.09 0.13 0.18 030 0.65
4 007 0.07 0.07 0.08 0.10 0.12 0.18 0.34
5 0.07 0.07 0.08 0.08 0.11 0.15 022 0.46
50 1 0.01 0.03 0.05 0.10 025 030 099 2.5
1.5 0.01 0.02 0.04 0.08 0.19 037 0.74 1.8
2001 0.02 0.03 0.06 0.13 027 0.53 13
30 001 002 0.03 006 0.12 024 058
4 0 001 001 001 003 006 0.11 0.28
5 0 001 001 0.02 0.04 0.08 0.16 0.40
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4-7 Transition, Rectangular to Round, Stepped, Conical (Idelchik et al. 1986, Diagram 4-9)

) '
A ?\\ Ao
e 8 /) 0 v
‘, [}

G,

0, degrees
A,/A; LIH 0 10 20 30 45 60 920 120 150 180
0.1 0.025 046 0.43 0.42 0.40 0.38 0.37 0.38 0.40 0.43 0.46
0.05 0.46 0.42 0.38 0.33 0.30 0.28 0.31 0.36 0.41 0.46
0.075 046 0.39 0.32 0.28 0.23 0.21 0.26 0.32 0.39 0.46
0.1 0.46 0.36 0.30 0.23 0.19 0.17 0.23 0.30 0.38 0.46
0.15 0.46 0.34 0.25 0.18 0.15 0.14 0.21 0.29 0.37 0.46
0.3 0.46 0.31 0.22 0.16 0.13 0.13 0.20 0.28 0.37 0.46
0.6 0.46 0.25 0.17 0.12 0.10 0.11 0.19 0.27 0.36 0.46
0.25 0.025 0.40 0.38 0.36 0.35 0.33 0.32 0.33 0.35 0.37 0.40
0.05 0.40 0.36 0.33 0.29 0.26 0.24 0.27 0.31 0.35 0.40
0.075 0.40 0.34 0.28 0.24 0.20 0.19 0.23 0.28 0.34 0.40
0.1 0.40 0.31 0.26 0.20 0.17 0.14 0.20 0.26 0.33 0.40
0.15 0.40 0.30 0.22 0.16 0.13 0.12 0.18 0.25 0.32 0.40
0.3 0.40 0.27 0.19 0.14 0.11 0.11 0.18 0.25 0.32 0.40
0.6 0.40 0.22 0.14 0.10 0.09 0.10 0.16 0.24 0.32 0.40
0.5 0.025  0.30 0.28 0.27 0.25 0.24 0.24 0.25 0.26 0.27 0.30
0.05 0.30 0.27 0.24 0.21 0.19 0.18 0.20 0.23 0.26 0.30
0.075  0.30 0.25 0.21 0.18 0.15 0.14 0.17 0.21 0.25 0.30
0.1 0.30 0.23 0.19 0.15 0.12 0.11 0.15 0.19 0.24 0.30
0.15 0.30 0.22 0.16 0.12 0.09 0.09 0.13 0.18 0.24 0.30
0.3 0.30 0.20 0.14 0.10 0.08 0.08 0.13 0.18 0.24 0.30
0.6 0.30 0.16 0.11 0.08 0.07 0.07 0.12 0.17 0.23 0.30
0.8 0.025 0.15 0.14 0.13 0.13 0.12 0.12 0.12 0.13 0.14 0.15
0.05 0.15 0.13 0.12 0.11 0.10 0.09 0.10 0.12 0.13 0.15
0.075  0.15 0.13 0.10 0.09 0.08 0.07 0.08 0.10 0.13 0.15
0.1 0.15 0.12 0.10 0.07 0.06 0.05 0.07 0.10 0.12 0.15
0.15 0.15 0.11 0.08 0.06 0.05 0.04 0.07 0.09 0.12 0.15
0.3 0.15 0.10 0.07 0.05 0.04 0.04 0.07 0.09 0.12 0.15
0.6 0.15 0.08 0.05 0.04 0.03 0.04 0.06 0.09 0.12 0.15
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5 JUNCTIONS (Tees, Wyes, Crosses)

5-1 Wye, 30°, Converging (Idelchik et al. 1986, Diagram 7-1)

v N S A A=A,
A () y Ac
Ve. Ap
Branch, C,_j Main, C, ¢
AylA, AylA,

00, 01 02 03 04 06 08 1.0 0y/0. 01 02 03 04 06 08 1.0
o -10 -10 -10 -09 -09 -09 -09 0 0 0 0 0 0 0 0
0.1 021 -046 -0.57 -0.51 0.53 -0.54 —0.54 0.1 0.02 0.11 013 0.15 0.16 0.17 0.17
02 31 037 -0.06 -0.16 023 -0.24 —0.28 02 -033 0.01 0.13 0.19 024 027 029
03 7.6 15 050 0.15 0.04 -0.06 —0.08 03 -1.1 -0.25-0.01 0.10 0.22 030 0.35
0.4 14 30 12 042 019 0.13 0.12 04 -22 -0.75 -0.30 -0.05 0.17 0.26 0.36
0.5 21 46 1.8 053 024 0.19 0.15 05 36 -14 -0.70 =035 0 021 032
06 30 64 26 077 035 025 0.17 06 -54 24 -13 -0.70 -0.20 0.06 0.25
0.7 41 85 34 099 042 028 0.22 07 -76 34 20 -12 -0.50 -0.15 0.10
0.8 54 12 42 1.2 047 029 025 08 -10 46 27 -1.8 -090 -0.43 -0.15
09 58 14 53 14 049 029 022 09 -13 -62 37 26 -14 -080 —0.45
1.0 84 17 63 16 049 021 0.15 1.0 -16 -7.7 48 34 -19 -12 -0.75

5-2 Wye, 45° Converging, Round (Idelchik et al. 1986, Diagram 7-2)

Q.
ol o ¢
A ‘jo( Ac A=A
Qp. Ap
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Cep Ces
AylA, AplA,
oyo. 01 02 03 04 06 08 1.0 0y, 01 02 03 04 06 08 1.0
0 -10 -1.0 -1.0 -0.90 -0.90 -0.80 —0.90 0 0 0 0 0 0 0 0
0.1 024 045 -0.56 —0.50 —0.52 -0.53 —0.53 0.1 0.05 012 0.14 0.16 0.17 0.17 0.17
02 32 054 -0.02 -0.14 -0.21 -0.23 -0.23 02 -0.20 0.17 0.22 027 027 029 0.31
0.3 80 1.6 0.60 023 0.06 0 -0.02 03 -0.76 —0.13 0.08 0.20 0.28 0.32 0.40
0.4 14 32 1.3 052 025 0.18 0.15 04 -1.7 -0.50 -0.12 0.08 0.26 036 0.41
0.5 22 5.0 21 0.65 033 025 022 05 28 -1.0 -049 -0.13 0.16 030 0.40
0.6 32 70 3.0 091 0.81 0.61 0.51 06 43 -1.7 -0.87 —0.45 -0.04 020 0.33
0.7 43 9.2 39 1.2 056 039 0.33 07 -61 26 -14 -085 -0.25 0.08 0.25
0.8 56 12 4.9 .5 0.66 039 0.36 08 81 36 -21 -13 -0.55 -0.17 0.06
0.9 71 15 6.2 1.8 0.72 044 035 09 -10 48 28 -19 -0.88 —0.40 —0.18
1.0 87 19 74 20 0.78 044 032 1.0 -13 -6.1 37 2.6 -14 -0.77 -0.42
5-3 Tee, Converging, Round (Idelchik et al. 1986, Diagram 7-4)
Qs )QC
As () > M O Ac’
¥ A=A,
90°
A
1
Branch, C,
AplA,
0,10, 0.1 0.2 03 0.4 0.6 0.8 1.0
0 -1.0 -1.0 -1.0 -0.90 -0.90 —0.90 -0.90
0.1 0.40 -0.37 -0.51 —0.46 —0.50 -0.51 —0.52
0.2 3.8 0.72 0.17 -0.02 -0.14 —0.18 -0.24
0.3 9.2 23 1.0 0.44 0.21 0.11 —0.08
0.4 16 43 2.1 0.94 0.54 0.40 0.32
0.5 26 6.8 32 1.1 0.66 0.49 0.42
0.6 37 9.7 4.7 1.6 0.92 0.69 0.57
0.7 43 13 6.3 2.1 1.2 0.88 0.72
0.8 65 17 7.9 2.7 1.5 1.1 0.86
0.9 82 21 9.7 34 1.8 1.2 0.99
1.0 101 26 12 4.0 2.1 1.4 1.1
Main
0,0, 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Ces 0 0.16 027 038 046 053 057 059 060 059 055

5
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5-4 Wye, 30° Converging, Round, Conical Main (Sepsy and Pies 1973)

-

As,Qsg Ac.Qc

- *
3Q° (:

Py

Ap.Qyp

Branch, C,
0p/Qs
AJA.  Apld. 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
0.3 0.2 -24 -0.11 1.8 3.4 4.8 6.0 7.1 8.0 8.9 9.7
0.3 28 -13 014 072 1.4 2.0 2.4 2.8 3.2 3.5

0.4 0.2 -1.4  0.61 23 3.8 52 6.3 7.3 83 9.1 9.8
0.3 -1.8 054 042 1.2 1.8 23 2.7 3.1 3.4 3.7
0.4 -19 089 -0.17 036 0.76 1.1 1.3 1.5 1.7 1.9
0.5 0.2 -0.82 097 2.6 4.0 5.3 6.4 7.4 83 9.1 9.9
0.3 -1.2 -0.15 0.71 1.4 2.0 2.5 29 33 3.6 39
0.4 -14 -054 006 050 0.85 1.1 1.3 1.5 1.7 1.8
0.5 -14 -0.66 -0.15 0.21 048  0.68 0.84  0.97 1.1 1.2

0.6 0.2 —0.52 1.2 2.7 4.1 53 6.4 7.4 8.3 9.1 9.9
03 093 0.06 085 1.5 2.1 2.6 3.0 34 3.7 4.0

0.4 -1.1 =037 0.16 055 0.86 1.1 1.3 1.4 1.6 1.8
0.5 -1.1 049 -0.06 025 048 066 0.79 090 1.0 1.1
0.6 -12 -055 015 012 031 045 056 065 071 0.77
Branch, C,
Qb/Qc

AJA, AyA. 02 04 06 08 1.0 12 14 1.6 18 20
08 02 -027 13 27 40 52 63 73 82 90 97
03 -067 018 090 15 20 25 29 33 36 40
04 085 -027 016 049 075 097 12 13 14 16
05 -090 -040 -007 0.18 036 050 061 070 078  0.84
0.6 -092 -046 -0.16 004 018 029 037 044 049 053
0.7 -093 -049 -021 -003 010 019 025 030 034 037
08 -093 -050 -024 -007 005 013 019 023 027 029
10 02 026 12 26 39 51 61 71 80 88 95
03 -065 012 079 14 19 24 28 31 35 38
04 -083 -034 004 033 058 078 095 11 12 13
05 -089 -048 -020 0 015 027 037 045 051 057
06 -091 -054 -031 -014 -003 006 012 018 022 025
08 -091 -059 -038 -025 -0.16 -0.10 -0.06 -0.03 -0.01 001
10 093 -0.60 -040 -028 -020 -0.14 -0.I1 -008 -007 -0.06
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Main, C,

Qb/Qc
AgJA, Ap/A. 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0
0.3 0.2 4.5 2.8 1.5 0.56 -0.17 -0.74 -1.2 -1.6 -1.9 2.1

0.3 4.6 3.1 2.0 1.2 0.57 0.08 -030 -0.62 -0.89 1.1
0.4 0.2 1.6 0.85 0.16 -043 -092 -13 -7 -19 22 24

0.3 1.7 1.1 0.58 0.13 -024 -056 -0.82 -1.1 -13 -14
0.4 1.8 1.3 0.80 0.42 011 -0.15 -037 -0.55 -0.72 -0.86
0.5 0.2 0.67 018 -033 -079 -12 -15 -18 21 2.3 -2.5
0.3 0.75 0.42 0.07 -025 -0.54 080 -10 -12 -14 -15

0.4 0.80. 0.55 0.28 0.03 -020 -040 -0.57 -0.73 -0.86 -0.98
0.5 0.82 0.62 0.41 020 0.02 -0.15 -029 -042 -053 -0.63
0.6 0.2 026 -0.11 -054 09 -13 -16 -19 21 24 025

0.3 0.34 0.13 -0.14 -042 -0.67 -090 -0.11 -0.13 -0.14 -0.16
0.4 0.39 0.25 0.06 -0.14 -033 -051 -066 -08 -093 -1.0
0.5 0.41 0.32 0.18 0.03 -12 -026 -038 -050 -0.60 -0.69
0.6 0.43 0.37 0.26 0.14 0.02 -0.09 -0.19 -029 -037 -045
0.8 02 -0.01 -030 -0.67 -I.1 -14 -17 =20 22 24 26
0.3 0.07 -0.07 -029 -058 -076 -097 -12 -13 -1.5 -1.6

0.4 0.11 005 -0.09 -026 -042 -058 -0.72 085 -097 -I.1
0.5 0.14 0.12 003 009 -021 -034 -045 055 -0.64 -0.73
0.6 0.15 0.17 0.11 002 -0.07 -0.17 -026 034 042 -049
0.7 0.17 0.21 0.17 0.11 0.03 -0.05 -0.12 -0.19 -026 -0.32
0.5 0.17 0.23 0.22 0.17 0.11 0.05 -0.02 -0.07 -0.13 -0.18

1.0 02 -0.05 -033 -070 -I.1 -14 -17 =20 22 24 26
0.3 003 -0.10 -031 -055 -078 -098 -12 -13 -1.5 -1.6
0.4 0.07 002 -0.12 -028 -044 059 073 -086 -098 -I.1
0.5 0.09 0.09 0.01 -0.11 -023 035 -046 056 -0.65 -0.74
0.6 0.11 0.14  0.09 0 -0.09 -0.18 -027 -035 -043 -0.50
0.8 0.13 020  0.19 0.15 0.09 0.03 -0.03 -0.08 -0.14 -0.19
1.0 0.14 0.24 0.25 0.24 0.20 0.16 0.12 0.08 0.04 0
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5-5 Wye, 45°, Converging, Round, Conical Main (Sepsy and Pies 1973)

Branch, C,
05/Qs
AJA. AplA, 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0
0.3 0.2 -24 001 2.0 3.8 5.3 6.6 7.8 8.9 9.8 11
0.3 -28 -12 012 1.1 1.9 2.6 3.2 3.7 4.2 4.6

0.4 0.2 -1.2 0.93 2.8 4.5 59 7.2 8.4 9.5 10 11
0.3 -1.6 -027 0.8l 1.7 2.4 3.0 3.6 4.1 4.5 4.9
0.4 -1.8  -0.72  0.07 0.66 1.1 1.5 1.8 2.1 23 2.5
0.5 0.2 —0.46 1.5 33 4.9 6.4 7.7 8.8 9.9 11 12
0.3 -094 0.25 1.2 2.0 2.7 33 3.8 42 4.7 5.0
0.4 -1.1 024 042 0.92 1.3 1.6 1.9 2.1 23 2.5
0.5 -12 038 0.18 0.58 0.88 1.1 1.3 1.5 1.6 1.7
0.6 0.2 —0.55 1.3 3.1 4.7 6.1 7.4 8.6 9.6 11 12
0.3 -1.1 0 0.88 1.6 23 2.8 33 3.7 4.1 4.5
0.4 -12 048 0.10 0.54 0.89 1.2 1.4 1.6 1.8 2.0
0.5 -13 -0.62 -0.14 0.21 0.47 0.68 0.85 0.99 1.1 1.2
0.6 -1.3  -0.69 026 0.04 0.26 0.42 0.57 0.66 0.75 0.82
0.8 0.2 0.06 1.8 3.5 5.1 6.5 7.8 8.9 10 11 12

0.3 -0.52 035 1.1 1.7 23 2.8 32 3.6 3.9 4.2
0.4 -0.67 -0.05 043 0.80 1.1 1.4 1.6 1.8 1.9 2.1
0.6 -0.75 =027  0.05 0.28 0.45 0.58 0.68 0.76 0.83 0.88
0.7 -0.77 -031 -0.02 0.18 0.32 0.43 0.50 0.56 0.61 0.65
0.8 -0.78 -034 -0.07 0.12 0.24 0.33 0.39 0.44 0.47 0.50
1.0 0.2 0.40 2.1 3.7 52 6.6 7.8 9.0 11 11 12
0.3 -0.21  0.54 1.2 1.8 23 2.7 3.1 3.7 3.7 4.0
0.4 -033 021 0.62 0.96 1.2 1.5 1.7 2.0 2.0 2.1
0.5 -0.38 0.05 0.37 0.60 0.79 0.93 1.1 1.2 1.2 1.3
0.6 -0.41 -0.02 0.23 0.42 0.55 0.66 0.73 0.80 0.85 0.89
0.8 —0.44 -0.10 0.11 0.24 0.33 0.39 0.43 0.46 0.47 0.48
1.0 -0.46 —0.14 0.05 0.16 0.23 0.27 0.29 0.30 0.30 0.29
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Main, C,
0y/0s
AgA, AplA. 0.2 0.4 0.6 0.8 1.0 12 14 1.6 1.8 2.0
0.3 0.2 53  -0.01 20 1.1 034 020 -0.61 -093 -12 -14
0.3 5.4 3.7 2.5 1.6 1.0 053 016 -0.14 -038 -0.58
0.4 0.2 1.9 1.1 046 007 -049 -083 -1.1 -13 -15 -17
0.3 2.0 1.4 0.81 042 008 -020 -043 -0.62 -0.78 -0.92

0.4 2.0 1.5 1.0 068 039 016 -0.04 -021 -035 -0.47

0.5 0.2 077 034 -0.09 -048 -0.81 -1.1 -13  -15 -17 -18
0.3 0.85 056 025 -0.03 -027 -048 -0.67 -0.82 -096 1.1
0.4 0.88 0.66 043 0.21 002 -0.15 -030 -042 -0.54 -0.64
0.5 0.91 073 054 036 0.21 0.06 -0.06 -0.17 -026 -0.35
0.6 0.2 0.30 0 -0.34 -0.67 09 -12 -14 -16 -18 -19
0.3 037 021 -0.02 -024 -044 063 -079 -093 -11 -12

0.4 040 031 0.16 0.1 -0.16 -030 -043 054 -0.64 -0.73
0.5 043 037 026 014 002 -0.09 -020 -0.29 -037 -045
0.6 044 041 033 024 0.14 005 -0.03 -0.11 -0.18 -0.25
0.8 02 -006 -027 -057 08 -1.1 -14 -16 -17 -19 =20
0.3 0 -0.08 -025 043 -062 -078 -093 -I.1 -1.2 -13
0.4 0.04 002 -0.08 -021 -034 -046 -057 -0.67 -0.77 -0.85
0.5 0.06 008 002 -006 -0.16 -025 -034 -042 -050 -0.57
0.6 0.07 012 0.09 003 -0.04 -0.11 -0.18 -0.25 -031 -0.37
0.7 0.08 015 0.14 010 005 -0.01 -0.07 -0.12 -0.17 -0.22
0.8 0.09 0.17 018 0.16 0.11 0.07 0.02 -0.02 -0.07 -0.11
1.0 02 -019 -039 -067 09 -12 -15 -16 -18 20 =21
03 -0.12 -0.19 -035 -054 -071 087 -10 -12 -13 -14
04 -009 -0.10 -0.19 -031 -043 055 -066 -0.77 -0.86 -0.94
05 -0.07 -0.04 -0.09 -0.17 -0.26 -035 -044 -0.52 -0.59 -0.66
0.6  —-0.06 0 -0.02 -0.07 -0.14 -021 -0.28 -034 -040 -0.46
0.8 004 006 0.07 005 002 -003 -007 -0.12 -0.16 -0.20
1.0 —0.3 0.09 013 0.13 0.11 008 006 0.03 -0.01 -0.03
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5-6 Tee, Converging, Rectangular (Idelchik 1986, Diagram 7-11)

Qﬁff//)"

riw, =1
90°
N Vo
Hp QpAb
Branch, C,
2./Q,

AplAg  AplA, 0.1 0.2 ~0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.33 025 -12 040 040 1.6 3.0 4.8 6.8 8.9 11
0.5 05 -050 -0.20 0 0.25 0.45 0.70 1.0 1.5 2.0
0.67 0.5 -1.0 -0.60 -020 0.10 030  0.60 1.0 1.5 2.0
1.0 0.5 22 -15 095 -0.50 0 040  0.80 1.3 1.9
1.0 1.0 060 -030 -0.10 -0.04 0.13 0.21 029 036 042
1.33 1.0 -1.2 -0.80 -0.40 -0.20 0 0.16 024 032 038
2.0 1.0 2.1 -14 090 -0.50 -0.20 0 020 025 0.30

Main, C,
/05

Apldg  AplA, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.33 0.25 030 030 020 -0.10 045 092 -15 -20 26

0.5 0.5 0.17 0.16  0.10 0 -0.08 -0.18 -027 -037 -0.46
0.67 0.5 027 035 032 025 012 -003 -023 -042 -0.58
1.0 0.5 1.2 1.1 090 065 035 0 -0.40 -0.80 -1.3
1.0 1.0 018 024 027 026 023 018 0.10 0 —0.12
1.33 1.0 075 036 038 035 027 018 0.05 -0.08 -0.22
2.0 1.0 080 087 080 068 055 040 025 008 -0.10

5-7 Tee, Converging, Round Tap to Rectangular Main (SMACNA 1981, Table 6-9C)

Ag,Qs Ac.0c L AylAg  AJA.  AA,
S e Ve » 0.5 1.0 0.5

Ap,Qp
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Branch, C,

010,
Ve, fpm 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
<1200 -0.63 -0.55 0.13 023 078 130 193 310 488 5.60

>1200 -0.49 -021 023 0.60 127 206 275 370 493 5095

For main coefficient (C, ), see Fitting 5-3.

5-8 Tee, Converging, Rectangular Main and Tap (SMACNA 1981, Table 6-9D)

{
As.Q L Ac,Q l
S S c C“C

AA,  AJA,  AylA,

0.5 1.0 0.5

f
|

Ap.Qp

Branch, C,

Qb/Qc
Ve, fpm 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
<1200 -0.75 -0.53 -0.03 033 103 1.10 215 293 418 478

>1200. -0.69 -0.21 023 0.67 1.17  1.66 2.67 336 393 513

For main coefficient (C,. ), see Fitting 5-3.

5-9 Converging, Rectangular Main and Tap (45° Entry) (SMACNA 1981, Table-9F)

Ag,Qs Ac,Qc
——— e ‘ ve i
L=0.25W,3 in. min.
L AylA,  AJA,  AylA,
T * 0.5 1.0 0.5
—] N - — W

Ap:Qp

Branch, C,

Qb/ Qc

V., fpm 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

<1200 -0.83 068 -030 0.28 0.55 1.03 1.50 1.93 2.50 3.03
>1200 -0.72  -0.52 -023 034 0.76 1.14 1.83 2.01 2.90 3.63

For main coefficient (C,. ), see Fitting 5-3.
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5-10 Tee, Diverging, Round, Conical Branch (Jones and Sepsy 1969, Figure 12)

/—— BEAD

Ve, Ac Vs, A Ao =4
——pl l P = -
1
A T Branch
5.25 in. VplVe 0 02 04 06 08 1.0 12 14 16 1.8 2.0

Cep 1.0 085 0.74 0.62 0.52 0.42 0.36 0.32 0.32 0.37 0.52

l For main loss coefficient (C, ), see Fitting 5-23.

5-11 Wye, 45°, Diverging, Round, Conical Branch (Jones and Sepsy 1969, Figure 14)

/_ BEAD A A,

Branch

VplV, 0 02 04 06 08 1.0 12 14 16 1.8 2.0
C.p 1.0 084 0.61 0.41 0.27 0.17 0.12 0.12 0.14 0.183 0.27

14N, For main loss coefficient (C¢ ), see Fitting 5-23.

5-12 Tee, Diverging, Round, with 90° Elbow, Branch 90° to Main (Jones and Sepsy 1969, Figure 17)

( " A=A,
N

Vb

Vo, ——— \) —

Branch
VplV. 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Cc,b 1.0 1.03 1.08 1.18 1.33 1.56 1.86 2.2 2.6 3.0 34

For main loss coefficient (C, ), see Fitting 5-23.
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5-13 Tee, Diverging, Round, with 45° Elbow, Branch 90° to Main (Jones and Sepsy 1969, Figure 18)

A=A,

(e

Vg ——p —_— v

Branch
VplV. 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Cc,b 1.0 1.32 1.51 1.60 1.65 1.74 1.87 2.0 2.2 2.5 2.7

For main loss coefficient (C. ), see Fitting 5-23.

5-14 Tee, Diverging, Round (Conical Branch), with 45° Elbow, Branch 90° to Main
(Jones and Sepsy 1969, Figure 19)

Vb A.=A

8

\
(V7 —. —_—

For tee geometry, see Fitting 5-10.

Branch

VplVy 0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0

Cep 1.0 094 088 084 08 082 084 087 090 095 1.02

For main loss coefficient (C. ), see Fitting 5-23.
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5-15 Wye, 45°, Round, with 60° Elbow, Branch 90° to Main (Jones and Sepsy 1969, Figure 3)

Vo

Vo —— — -V

Branch
VplV, 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Cen 1.0 0.88 0.77 0.68 0.65 0.69 0.73 0.88 1.14 1.54 2.2

For main loss coefficient (C. ), see Fitting 5-23.

5-16 Wye, 45°, Diverging, Round (Conical Branch), with 60° Elbow, Branch 90° to Main
(Jones and Sepsy 1969, Figure 20)

v
f A=A,
N
Vo = —_—
For wye geometry, see Fitting 5-11.
Branch
VplV, 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Cep 1.0 0.82 0.63 0.52 0.45 0.42 0.41 0.40 0.41 0.45 0.56

For main loss coefficient (C. ), see Fitting 5-23.
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5-17 Wye, 48°, Diverging, Conical Main and Branch, with 45° Elbow, Branch 90° to Main
(Idelchik et al. 1986, Diagram 7-19)

\\
1.5 Dp
l—0p
Vo

Branch
VplV, 0.2 0.4 0.6 0.7 0.8 0.9 1.0 1.1 1.2
Cep 0.76 0.60 0.52 0.50 0.51 0.52 0.56 0.61 0.68
VplV, 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
Cc,b 0.86 1.1 1.4 1.8 2.2 2.6 3.1 3.7 4.2

Main
VIV, 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Cc’s 0.14 0.06 0.05 0.09 0.18 0.30 0.46 0.64 0.84 1.0

5-18 Tee, Diverging, Round, with 60° Elbow, Branch 45° to Main (Jones and Sepsy 1969, Figure 22)

Vo A=A,

(

Vg ———— —V

Branch

VplV., 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Cep 1.0 1.06 115 129 145 165 18 22 2.5 2.9 33

For main loss coefficient (C, ), see Fitting 5-23.
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5-19 Tee, Diverging, Round (Conical Branch), with 60° Elbow, Branch 45° to Main
(Jones and Sepsy 1969, Figure 23)

Vb

/ Ao =4

Ve ————— —_——

For tee geometry, see Fitting 5-10.

Branch

VplV, 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Cep 1.0 0.95 0.90 0.86 0.81 0.79 0.79 0.81 0.86 0.96 1.10

For main loss coefficient (C, ), see Fitting 5-23.

5-20 Wye, 45°, Diverging, Round, with 30° Elbow, Branch 45° to Main (Jones and Sepsy 1969, Figure 2)
Vp

Vo —— —,

Branch
ViV, 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Cep 1.0 0.84 0.72 0.62 0.54 0.50 0.56 0.71 0.92 1.22 1.66

c

For main loss coefficient (C, ), see Fitting 5-23.

5-21 Wye, 45°, Diverging, Round (Conical Branch), with 30° Elbow, Branch 45° to Main
(Jones and Sepsy 1969, Figure 24)

AC = AS

Vp

I

v

For wye geometry, see Fitting 5-11.
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Branch
VplV. 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Cc,b 1.0 093 0.71 0.55

044 042 042 044 047 054 0.62

For main loss coefficient (C, ), see Fitting 5-23.

5-22 Tee, Diverging, Rectangular (Idelchik et al. 1986, Diagram 7-22)

QS'AS

6 =90°
Wy, =1.0
Hp
Qb Ap
Branch, C,,
0/0.

AplAg  AplA, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.25 0.25 0.55 0.50 0.60 0.85 1.2 1.8 3.1 4.4 6.0
0.33 0.25 0.35 0.35 0.50 0.80 1.3 2.0 2.8 3.8 5.0
0.5 0.5 0.62 0.48 0.40 0.40 0.48 0.60 0.78 1.1 1.5
0.67 0.5 0.52 0.40 0.32 0.30 0.34 0.44 0.62 0.92 1.4
1.0 0.5 0.44 0.38 0.38 0.41 0.52 0.68 0.92 1.2 1.6
1.0 1.0 0.67 0.55 0.46 0.37 0.32 0.29 0.29 0.30 0.37
1.33 1.0 0.70 0.60 0.51 0.42 0.34 0.28 0.26 0.26 0.29
2.0 1.0 0.60 0.52 0.43 0.33 0.24 0.17 0.15 0.17 0.21

Main, C,
0y/Q,

AplA,  AplA, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.25 0.25 -0.01 -0.03 -0.01 0.05 0.13 0.21 0.29 0.38 0.46
0.33 0.25 0.08 0 -0.02 -0.01 0.02 0.08 0.16 0.24 0.34
0.5 0.5 -0.03 -0.06 -0.05 0 0.06 0.12 0.19 0.27 0.35
0.67 0.5 0.04 -0.02 -0.04 -0.03 —0.01 0.04 0.12 0.23 0.37
1.0 0.5 0.72 0.48 0.28 0.13 0.05 0.04 0.09 0.18 0.30
1.0 1.0 -0.02 -0.04 -004 —-0.01 0.06 0.13 0.22 0.30 0.38
1.33 1.0 0.10 0 0.01 -0.03 -0.01 0.03 0.10 0.20 0.30
2.0 1.0 0.62 0.38 0.23 0.23 0.08 0.05 0.06 0.10 0.20

© 2021 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission

in either print or digital form is not permitted without ASHRAE's prior written permission.



Online Supplemental Material Accompanying Principles of HVAC, 9th Edition: Fitting Loss Coefficients

38

5-23 Wye, Diverging, Rectangular and Round (Idelchik et al. 1986, Diagram 7-21)

AC
< Qc > AC = AS
Hb = Hc
where H is height of
rectangular duct
Main
ViV, 0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 1.0
Ces 0.40 0.32 0.26 0.20 0.14 0.10 0.06 0.02 0
0=30°
Branch, C.
0y/Q,

AylA, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.8 0.75 0.55 0.40 0.28 0.21 0.16 0.15 0.16 0.19
0.7 0.72 0.51 0.36 0.25 0.18 0.15 0.16 0.20 0.26
0.6 0.69 0.46 0.31 0.21 0.17 0.16 0.20 0.28 0.39
0.5 0.65 0.41 0.26 0.19 0.18 0.22 0.32 0.47 0.67
0.4 0.59 0.33 0.21 0.20 0.27 0.40 0.62 0.92 1.3
0.3 0.55 0.28 0.24 0.38 0.76 1.3 2.0 3.0 4.1
0.2 0.40 0.26 0.58 1.3 2.5 4.1 6.1 8.6 11.0
0.1 0.28 1.5 43 8.3 15.0 — — — —

0=45°
Branch, C,
0y/0,

AylA, 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9
0.8 0.78 0.62 0.49 0.40 0.34 0.31 0.32 0.35 0.40
0.7 0.71 0.59 0.47 0.38 0.34 0.32 0.35 0.41 0.50
0.6 0.74 0.56 0.44 0.37 0.35 0.36 0.43 0.54 0.68
0.5 0.71 0.52 0.41 0.38 0.40 0.45 0.59 0.78 1.0
0.4 0.66 0.47 0.40 0.43 0.54 0.69 0.95 1.3 1.7
0.3 0.66 0.48 0.52 0.73 1.2 1.8 2.7 3.7 4.9
0.2 0.56 0.56 1.0 1.8 32 49 7.1 9.6 13.0
0.1 0.60 2.1 5.1 9.3 16.0 — — — —
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0 =60°
Branch, C.
010,

AylA, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.8 0.83 0.71 0.62 0.56 0.52 0.50 0.53 0.60 0.68
0.7 0.82 0.69 0.61 0.56 0.54 0.54 0.60 0.70 0.82
0.6 0.81 0.68 0.60 0.58 0.58 0.61 0.72 0.87 1.1
0.5 0.79 0.66 0.61 0.62 0.68 0.76 0.94 1.2 1.5
0.4 0.76 0.65 0.65 0.74 0.89 1.1 1.4 1.8 2.3
0.3 0.80 0.75 0.89 1.2 1.8 2.6 35 4.6 6.0
0.2 0.77 0.96 1.6 2.5 4.0 6.0 83 11.0 —
0.1 1.0 2.9 6.2 10.0 — — — — —

0=90°
Branch, C,
0,10,

Ay/A, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
08 0.95 0.92 0.92 0.93 0.94 0.95 1.1 1.2 1.4
0.7 0.95 0.94 0.95 0.98 1.0 1.1 1.2 1.4 1.6
0.6 0.96 0.97 1.0 1.1 1.1 1.2 1.4 1.7 2.0
0.5 0.97 1.0 1.1 1.2 1.4 1.5 1.8 2.1 2.5
0.4 0.99 1.1 1.3 1.5 1.7 2.0 24 3.0 3.6
0.3 1.1 1.4 1.8 2.3 3.2 43 5.5 6.9 8.5
0.2 1.3 1.9 2.9 4.1 6.2 8.5 11.0 — —
0.1 2.1 4.8 8.9 14.0 — — — — —

5-24 Diverging Wye, Rectangular (Idelchik et al. 1986, Diagram 7-22)
0 =15°to0 90°
and
A=A, + A4,
Ap.Vp
Branch, C,
VIV,
0,deg. 0.1 0.2 0.3 0.4 0.5 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0
15 0.81 0.65 0.51 0.38 028 020 0.11 0.06 0.14 030 0.1 0.76 1.0
30 0.84 069 056 044 034 026 019 0.15 015 030 0.51 0.76 1.0
45 087 074 063 054 045 038 029 024 023 030 0.51 0.76 1.0
60 090 082 079 066 059 053 043 036 033 039 0.51 0.76 1.0
90 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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Main, C,¢
0, degrees  15-60 90
AJA, AJA,

ViV, 0-1.0 0-0.4 0.5 0.6 0.7 >0.8

0 1.0 1.0 1.0 1.0 1.0 1.0
0.1 0.81 0.81 0.81 0.81 0.81 0.81
0.2 0.64 0.64 0.64 0.64 0.64 0.64
0.3 0.50 0.50 0.52 0.52 0.50 0.50
0.4 0.36 0.36 0.40 0.38 0.37 0.36
0.5 0.25 0.25 0.30 0.28 0.27 0.25
0.6 0.16 0.16 0.23 0.20 0.18 0.16
0.8 0.04 0.04 0.17 0.10 0.07 0.04
1.0 0 0 0.20 0.10 0.05 0

1.2 0.07 0.07 0.36 0.21 0.14 0.07
1.4 0.39 0.39 0.79 0.59 0.39 —
1.6 0.90 0.90 1.4 1.2 — —
1.8 1.8 1.8 2.4 — — —
2.0 32 32 4.0 — — —

5-25 Tee, Diverging, Rectangular Main to Round Tap (SMACNA 1981, Table 6-10T)

Ve, Qc Vs.Qs
ol + i .
A=A,
* Vp:Qp
Branch, C.
/0
VplV, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.2 1.00
0.4 1.01 1.07
0.6 1.14 1.10 1.08
0.8 1.18 1.31 1.12 1.13
1.0 1.30 1.38 1.20 1.23 1.26
1.2 1.46 1.58 1.45 1.31 1.39 1.48
1.4 1.70 1.82 1.65 1.51 1.56 1.64 1.71
1.6 1.93 2.06 2.00 1.85 1.70 1.76 1.80 1.88
1.8 2.06 2.17 2.10 2.13 2.06 1.98 1.99 2.00 2.07

For main coefficient (C, ), see Fitting 5-23.
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5-26 Tee, Diverging, Rectangular Main to Round Tap (Conical) (Inoue et al. 1980, Korst et al. 1950)

AC 'Vc Alo vi
H n A, =4
C = S
' Ab, VD
Branch
VplV, 0.40 0.50 0.75 1.0 1.3 1.5
Cep 0.80 0.83 0.90 1.0 1.1 1.4

For main coefficient (C,. ), see Fitting 5-23.

5-27 Tee, Diverging, Rectangular Main, and Tap (45° Entry) (SMACNA 1981, Table 6-10N)

V(XCOC i . Vsi s >
{ L=025W,3 in. min.
L . A.= A
t — —— W
VbiQp
sRecommended?
Branch, C,,
05/0s
VplV, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.2 0.91

0.4 0.81 0.79

0.6 0.77 0.72 0.70

0.8 0.78 0.73 0.69 0.66

1.0 0.78 0.98 0.85 0.79 0.74

1.2 0.90 1.11 1.16 1.23 1.03 0.86

1.4 1.19 1.22 1.26 1.29 1.54 0.25 0.92

1.6 1.35 1.42 1.55 1.59 1.63 1.50 1.31 1.09

1.8 1.44 1.50 1.75 1.74 1.72 2.24 1.63 1.40 1.17

For main coefficient (C, ), see Fitting 5-23.
8For performance study, see SMACNA (1987).
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5-28 Tee, Diverging, Rectangular Main, and Tap? (SMACNA 1981, Table 10Q)

Ve Qc | Vs,Qs |
. B ———
A A,
A=A
; Ve:Qp
Branch, C,
Qb/Qc
V!V, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.2 1.03

0.4 1.04 1.01

06 1.11 1.03 1.05

08 1.16 1.21 1.17 1.12

1.0 1.38 1.40 1.30 1.36 1.27

12 1.52 1.61 1.68 1.91 1.47 1.66

14 1.79 2.01 1.90 231 2.28 2.20 1.95

1.6 2.07 2.28 2.13 2.71 2.99 2.81 2.09 2.20

1.8 232 2.54 2.64 3.09 3.72 2.48 2.21 2.57 232

For main coefficient (C, ;) see Fitting 5-23.
3For performance study see SMACNA (1987).

5-29 Tee, Diverging, Rectangular Main and Tap (45° Entry), with Damper
(SMACNA 1981, Table 6-10P)

Ve Q¢ Vs,Qg
Ac A ) .
L=0.25W,3 in. min
Ly A=A,
— e W
Vb, Qb

Poor; should not be used.?
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Branch, C.

00,
VplV, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.2 0.61
0.4 0.46 0.61
0.6 0.43 0.50 0.54
0.8 0.39 0.43 0.62 0.53
1.0 0.34 0.57 0.77 0.73 0.68
1.2 0.37 0.64 0.85 0.98 1.07 0.83
1.4 0.57 0.71 1.04 1.16 1.54 1.36 1.18
1.6 0.89 1.08 1.28 1.30 1.69 2.09 1.81 1.47
1.8 1.33 1.34 2.04 1.78 1.90 2.40 2.77 2.23 1.92

For main coefficient (C, ), see Fitting 5-31.
8For performance study, see SMACNA (1987).

5-30 Tee, Diverging, Rectangular Main and Tap, with Damper (SMACNA 1981, Table 6-10R)

VC voC
PSR

A

VS ’OS
A

A.=A;
V. Qp
Poor; should not be used.?
Branch, C,
0,/0Q.

V!V, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.2 0.58
0.4 0.67 0.64
0.6 0.78 0.76 0.75
0.8 0.88 0.98 0.81 1.01
1.0 1.12 1.05 1.08 1.18 1.29
1.2 1.49 1.48 1.40 1.51 1.70 1.91
1.4 2.10 2.21 2.25 2.29 2.32 2.48 2.53
1.6 2.72 3.30 2.84 3.09 3.30 3.19 3.29 3.16
1.8 3.42 4.58 3.65 3.92 4.20 4.15 4.14 4.10 4.05

For main coefficient (C, ;) see Fitting 5-31.
For performance study see SMACNA (1987).
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5-31 Tee, Diverging, Rectangular, with Extractor (SMACNA 1981, Table 6-10S)

VC ’OC VS ,Q S
——-a» e el
Ac A A=A
Vp.Qp
Poor; should not be used.?
Main
VplV, 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Ces 003 004 007 012 013 014 027 030 025
Branch, C.
010,
VplV, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.2 0.60
0.4 0.62 0.69
0.6 0.74 0.80 0.82
0.8 0.99 1.10 0.95 0.90
1.0 1.48 1.12 1.41 1.24 1.21
1.2 1.91 1.33 1.43 1.52 1.55 1.64
1.4 2.47 1.67 1.70 2.04 1.86 1.98 2.47
1.6 3.17 2.40 2.33 2.53 2.31 2.51 3.13 3.25
1.8 3.85 3.37 2.89 3.23 3.09 3.03 3.30 3.74 4.11
8For performance study, see SMACNA (1987).
5-32 Symmetrical Wye, Dovetail, Rectangular (Idelchik et al. 1986, Diagram 7-24)
Qp,Ap rWw,.=1.5
-~ y
~ 01p/0c = 020 = 0.5
~
Converging
Wb
AyyA, or Ay, 0.50 1.0
‘J\ Ce1p0r Coop 0.23 0.07
He
\[\ Divergin
We \\QZb.Azb 2he
o ¢ ‘\~\ Ay, or dy/d, 050 1.0
e Ce1por Cegp 0.30 0.25

© 2021 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission
in either print or digital form is not permitted without ASHRAE's prior written permission.



Online Supplemental Material Accompanying Principles of HVAC, 9th Edition: Fitting Loss Coefficients

5-33 Wye, Rectangular and Round (Idelchik et al. 1986, Diagram 7-30)

Qi,A1h+Vip

~N

~N
g Qc.Ac Ve P
———————————
{ - _
6 -~
P
e
» A = A2p
- Ac = Ay +4z;
Q2p.A2b:V2b
Converging Ceapor Cap

015/Q. or 0y,/0,
0, deg. 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0

15 -26 -19 -13 077 -030 010 041 067 085 097 1.0
30 -21 -15 -10 -053 -0.10 028 0.69 091 1.1 1.4 1.6
45 -13 093 055 -0.16 020 056 0.92 1.3 1.6 2.0 2.3

Diverging Ceipor Ceap
Vip!Veor VyplV,

O,deg. 01 02 03 04 05 06 08 10 12 14 16 18 20
15 081 0.65 051 038 028 020 0.11 006 0.14 030 051 076 1.0
30 0.84 0.69 056 044 034 026 0.19 015 0.15 030 051 0.76 1.0
45 087 074 063 054 045 038 029 024 023 030 051 076 1.0
60 090 0.82 079 066 059 053 043 036 033 039 051 076 1.0
% 10 10 10 10 10 10 10 10 10 10 10 1.0 10
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5-34 Wye (Double), 45° Rectangular and Round (Idelchik et al. 1986, Diagram 7-27)

As-os AC-OC
- _
s e cnw o w— e e = ow— a—
7 BB
A=Ay

A, = A,

=i Converging

e o e e - Diverging

Converging Flow

Branch, C,

015/Q,
0,015 0 0.1 0.2 0.3 0.4 0.5 0.6
AyylA, =02
0.5 -1.0 -0.36 0.59 1.8 32 4.9 6.8
1.0 -1.0 -0.24 0.63 1.7 2.6 3.7 —
2.0 -1.0 —-0.19 0.21 0.04 — — —
Agpld. = 0.4
0.5 -1.0 —0.48 -0.02 0.58 0.92 13 16
1.0 -1.0 -0.36 0.17 0.55 0.72 0.78 —
2.0 -1.0 —0.18 0.16 —-0.06 — — —
AyylA, = 0.6
0.5 -1.0 -0.50 -0.07 0.31 0.60 0.82 0.92
1.0 -1.0 -0.37 0.12 0.55 0.60 0.52 —
2.0 -1.0 —0.18 0.26 0.16 — — —
Appld.=1.0
0.5 -1.0 -0.51 -0.09 0.25 0.50 0.65 0.64
1.0 -1.0 -0.37 0.13 0.46 0.61 0.54 —
2.0 -1.0 —0.15 0.38 0.42 — — —
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Main, C_
0,/0,
Q25/01p 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
AqplA,=0.2
0.5&2.0 -2.9 -1.9 -1.3 080 -056 023 -0.01 0.16 0.22 0.15 0
1.0 2.5 -1.9 -13 080 042 -0.12  0.08 0.20 0.22 0.15 0
AqplA.=0.4
05&20 -098 -0.61 030 -0.05 0.14 0.26 0.33 0.34 0.28 0.17 0
1.0 -0.77 044 -0.16 0.05 0.21 0.31 0.36 0.35 0.29 0.17 0
AqplA,.=0.6
05&20 -032 0.08 0.11 0.27 0.37 0.43 0.44 0.40 0.31 0.18 0
1.0 -0.18  -0.04  0.21 0.34 0.42 0.46 0.46 0.41 0.31 0.18 0
AqplA.=1.0
0.5&2.0 0.11 0.36 0.46 0.53 0.57 0.56 0.52 0.44 0.33 0.18 0
1.0 0.29 0.42 0.51 0.57 0.58 0.58 0.54 0.45 0.33 0.18 0

Diverging Flow: Use Fitting 5-23.

5-35 Cross, 90°, Rectangular and Round (Idelchik et al. 1986, Diagram 7-29)

ﬁ)\r__’\i_._._.
<}
of |1
I
[
|
2 Qs. occAC
P - — - —— - — —— L
¥
11
<t
C‘; |' Alb:AZb
* A=A,
__)\r_.___._l\r__

il = e e ww— an—

Diverging

-8 Converging
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Converging Flow

Branch, C,

015/0. or 034/0,
07/01p 0 0.1 0.2 0.3 0.4 0.5 0.6
AylA, =02
0.5 —0.85 -0.10 1.1 2.7 4.8 7.3 10
1.0 -0.85 —-0.05 1.4 3.1 5.1 7.4 —
2.0 -0.85 -0.31 1.8 3.4 — — —
AyylA, = 0.4
0.5 -0 85 —-0.29 0.34 1.0 1.8 2.6 34
1.0 -0.85 -0.14 0.60 1.3 2.1 2.7 —
2.0 -0.85 0.12 1.0 1.7 — — —
AyylA, = 0.6
0.5 -0.85 -0.32 0.20 0.72 1.2 1.7 2.1
1.0 -0.85 —0.18 0.46 1.0 1.5 1.9 —
2.0 -0.85 0.09 0.88 1.4 — — —
Aypld.= 08
0.5 -0.85 -0.33 0.13 0.61 1.0 1.4 1.7
1.0 -0.85 -0.18 0.41 0.91 1.3 1.5 —
2.0 —0.85 0.08 0.83 1.3 — — —
Ay, =1.0
0.5 -0.85 -0.34 0.13 0.56 0.93 1.3 1.5
1.0 -0.85 -0.19 0.39 0.86 1.2 1.4 —
2.0 —0.85 0.07 0.81 1.2 — — —
Main
0,/0. 0 0.1 0.2 0.3 0.4 0.5
Coy 1.2 1.2 1.2 1.1 1.1 0.96
0,0, 0.6 0.7 0.8 0.9 1.0
C 0.85 0.72 0.56 0.39 0.20

c,s

Diverging Flow: Use Fitting 5-23.

6 OBSTRUCTIONS

6-1 Damper, Butterfly, Round (Idelchik et al. 1986, Diagram 9-16; Zolotov 1967)

)
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CU
0, degrees
DI/D, 0 10 20 30 40 50 60 70 75 80 85
0.5 019 027 037 049 061 074 086 096 0.99 1.0 1.0
0.6 0.19 032 048 069 094 1.2 1.5 1.7 1.8 1.9 1.9
0.7 0.19 037 0.64 1.0 1.5 2.1 2.8 3.5 3.7 39 4.1
0.8 0.19 045 0.87 1.6 2.6 4.1 6.1 8.4 9.4 10 10
0.9 0.19 054 1.2 2.5 5.0 9.6 17 30 38 45 50
1.0 0.19  0.67 1.8 4.4 11 32 113 — — — —

6-2 Damper, Butterfly, Rectangular (Idelchik et al. 1986, Diagram 9-17; Zolotov 1967)

L% o 6 L G
_7— 0, degrees
Type HW 0 10 20 30 40 50 60 65 70
1 <025 0.04 030 1.1 3.0 80 23 60 100 190
1 0.25-1.00.08 033 1.2 33 90 26 70 128 210
T 2 >1.0 0.13 035 1.3 36 10 29 80 155 230
H
|
v v
TYPE 1 TYPE2
(Axis parallel (Axis parallel
to long side) to short side)
6-3 Damper, Gate, Round (Idelchik et al. 1986, Diagram 9-5)
! wD 02 03 04 05 06 07 08 09
! Ay/4, 0.25 0.38 0.50 0.61 0.71 0.81 0.90 0.96
JL C, 35 10 46 21 098 044 0.17 0.06

|
L.

"T—D -_—‘k

6-4 Damper, Gale, Rectangular (Idelchik et al. 1986, Diagram 8-5)

T

L o T =
h
J

<

<

- w—

H

b
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h/H
HIW 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.5 14 6.9 33 1.7 0.83 0.32 0.09
1.0 19 8.8 4.5 24 1.2 0.55 0.17
1.5 20 9.1 4.7 2.7 1.2 0.47 0.11
2.0 18 8.8 4.5 2.3 1.1 0.51 0.13

6-5 Damper, Rectangular, Parallel Blades (Brown and Fellows 1957)

SLIP IN FRAME (TYPICAL) NW
= L/R =
! 2(H+ W)
} L where
. N = number of damper blades
H W = duct dimension parallel tc
\ ..
—_— blade axis, in.
< | < H = duct height, in.
f CRIMPED L = sum of damper blade
g —< LEAF EDGE lengths, in.
)/ ' p=~—w ——={ R = perimeter of duct, in.
CO
0, degrees
L/R 0 10 20 30 40 50 60 70
0.3 0.52 0.79 1.4 23 5.0 9 14 32
0.4 0.52 0.85 1.5 24 5.0 9 16 38
0.5 0.52 0.92 1.5 24 5.0 9 18 45
0.6 0.52 0.92 1.5 2.4 54 9 21 45
0.8 0.52 0.92 1.5 2.5 54 9 22 55
1.0 0.52 1.0 1.6 2.6 54 10 24 65
1.5 0.52 1.0 1.6 2.7 54 10 28 102
6-6 Damper, Rectangular, Opposed Blades (Brown and Fellows 1957)
SLIP IN FRAME (TYPICAL)
By
CRIMPED LEAF EDGE L/R = NW
L ‘ < 2(H+ W)
v H
! —_—l— See Fitting 6-5 for
l = .
/ ( definition of terms.
__g L
V 1
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CO
0, degrees
L/R 0 10 20 30 40 50 60 70
0.3 0.52 0.85 2.1 4.1 9 21 73 284
0.4 0.52 0.92 2.2 5.0 11 28 100 332
0.5 0.52 1.0 23 54 13 33 122 377
0.6 0.52 1.0 23 6.0 14 38 148 411
0.8 0.52 1.1 2.4 6.6 18 54 188 495
1.0 0.52 1.2 2.7 73 21 65 245 547
1.5 0.52 1.4 3.2 9.0 28 107 361 677

6-7 Obstruction, Screen, Round and Rectangular (Idelchik et al. 1986, Diagram 8-6)

{ | n = free arearatio of
} screen
Ao o A, = areaofduct
| Ay = cross-sectional area
I of duct or fitting

Z .
SCREEN where screen is

located

SCREEN
\a Ag
|

(5\ "

A4, 03 04 05 06 07 08 09 1.0

SCREEN 02 155 75 42 24 15 80 35 0
0.3 69 33 19 11 64 36 1.6 0

T’ 0.4 39 19 10 61 36 20 088 0

] 0.6 17 83 47 27 16 089 039 0

08 97 47 27 15 091 050 022 0

Cb 1.0 62 30 1.7 097 058 032 014 O
1.2 43 21 12 067 040 022 010 0

14 32 15 087 049 030 0.16 007 0

16 24 12 066 038 023 012 005 0

20 16 075 043 024 0.15 0.08 004 0

25 099 048 027 016 0.09 0.05 002 0

30 0.69 033 0.19 0.11 0.06 0.04 002 0

4.0 039 0.19 0.11 0.06 0.04 002 0.01 O

6.0 0.17 0.08 0.05 003 0.02 001 0 0
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6-8 Obstruction, Perforated Plate, Thick, Round, and Rectangular (Idelchik et al. 1986, Diagram 8-6)

/ ——l L—'
PERFORATED PLATE

c, t/d > 0.015
.2
Ay = md /4
n=3%A4./A,
where
0015 52 30 18 83 40 20 097 042 0.13 A, = area of duct
A, = orifice area
diameter of perforated hole
04 46 27 17 74 36 18 088 039 013 71 = freearearatio of plate,

dimensionless
06 42 24 15 66 32 16 080 036 013 ¢ = plate thickness

n

ttd 020 025 030 040 050 0.60 0.70 0.80 0.90

0.2 48 28 17 7.7 3.8 1.9 091 040 0.13

6-9 Obstruction, Smooth Cylinder in Round and Rectangular Ducts
(Idelchik et al. 1986, Diagram 10-1)

T S, /A, <03
| i S,, =dL
Re’ = dV, /v
Ag.Vo ‘é\} C,=KC,
C;;
S,/A,

! SIDE VIEW ' Re 005 0.0 0.5 0.20

0.1 39 84 14 19

0.5 15 32 52 7.1

S T 1 0.66 14 23 32

e H 5 030 0.64 1.1 14

r 1 10 0.17 038 062 0.84

} 50 0.11 024 038 052

L——*l 100 010 021 035 047

FRONT view 500 t 200,000 0.07 0.15 0.24 033

. ) s
For obstruction offset from the centerline, 3x10 007 0.16 026 035
use the following factors: 4x10° 005 0.11 0.19 025
y/Dory/H 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 5% 107 0.04 0.09 0.14 0.19
K 1.0 097 093 0.89 084 0.79 0.74 0.67 0.58 6x10°t0 10° 0.02 0.05 0.07 0.10
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6-10 Round Duct, Depressed to Avoid an Obstruction (SMACNA 1981,Table 6-141)

b [

30° 30°,
V,
—9—————»
- —

B

6-11 Rectangular Duct, Depressed to Avoid an Obstruction (SMACNA 1981, Table 6-14J)

L/D=0233
C,=024

s —tL
\
= Vo ° =
— 15 Co
L/H
}-——12"——!
WIH 0.125 0.15 0.25 030
SIDE VIEW 10 026 030 033 035
T 4.0 0.10 0.14 0.22 0.30
H
1
'Q—W—-—"
FRONT VIEW
7 FAN-SYSTEM CONNECTIONS
7-1 Fans Discharging into a Plenum (AMCA 1973, Figure 19)
PLENUM
BLAST AREA (A;)
CUTOFF {— OUTLET AREA (A)
Vo 8 C()
O\ A LIL,
} L Ay/4, 0 012 025 05 =10
CENTRIFUGAL FAN 04 20 10 040 018 0
05 20 1.0 040 018 O
PLENUM 0.6 1.0 066 033 0.14 O
BLAST AREA 0.7 08 040 014 0 0
Ve $ 0.8 047 022 0.10 0 0
A, 09 022 014 0 0 0
{ L 1.0 0 0 0 0 0
AXIAL FAN
Calculate effective duct length.
where

V,>2500 fpm: L,

vJ4,/10,600 Y,
L€
Vv, <2500 fom: L, = [JA,/4.3 A

o

duct velocity, fpm

= effective duct length, ft

= duct area, in.

2
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7-2 Single Width Single Inlet (SWSI) Fan with an Outlet Duct Elbow (AMCA 1973, Figure 22)

A, = centrifugal fan blast area
(see Fitting 7-1)
PosiTion © A, = duct/outlet area (see Fit-
ting 7-1)

To calculate effective duct length
L,, see Fitting 7-1.

POSITION D

e
d N
/‘1 POSITION B8
e <
: : @
/42&)
POSITION A
SWSI CENTRIFUGAL FAN
Co
Outlet L/L,
Elbow
AylA, Position 0 0.12 0.25 0.5 >1.0

0.4 A 3.2 2.7 1.8 0.84 0

B 4.0 33 2.2 1.0 0

C 5.8 4.8 32 1.5 0

D 5.8 4.8 3.2 1.5 0
0.5 A 2.3 1.9 1.3 0.60 0

B 2.8 2.4 1.6 0.72 0

C 4.0 33 2.2 1.0 0

D 4.0 33 2.2 1.0 0
0.6 A 1.6 1.3 0.88 0.40 0

B 2.0 1.7 1.1 0.52 0

C 29 2.4 1.6 0.76 0

D 29 2.4 1.6 0.76 0
0.7 A 1.1 0.88 0.60 0.28 0

B 1.3 1.1 0.72 0.36 0

C 2.0 1.6 1.1 0.52 0

D 2.0 1.6 1.1 0.52 0
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Co
Outlet L/L,
Elbow
AplA, Position 0 0.12 0.25 0.5 >1.0
0.8 A 0.76 0.64 0.44 0.20 0
B 0.96 0.80 0.52 0.24 0
C 1.4 1.2 0.76 0.36 0
D 1.4 1.2 0.76 0.36 0
0.9 A 0.60 0.48 0.32 0.16 0
B 0.76 0.64 0.44 0.20 0
C 1.1 0.92 0.64 0.28 0
D 1.1 0.92 0.64 0.28 0
1.0 A 0.56 0.48 0.32 0.16 0
B 0.68 0.56 0.36 0.16 0
C 1.0 0.84 0.56 0.26 0
D 1.0 0.84 0.56 0.16 0

7-3 Double Width Double Inlet (DWDI) Fan with an Outlet Duct Elbow (AMCA 1973, Figure 22)

POSITION O

/&l 6‘)

POSITION C

POSITION A

DWOI CENTRIFUGAL FAN

Ay, = centrifugal fan blast
area (see Fitting 7-1)

A, = duct/outlet area (see
Fitting 7-1)

To calculate effective duct
length L,, see Fitting 7-1.
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C, C,
Outlet LiL, Outlet LIL,
Elbow Elbow
Posi- Posi-
AplA, tion 0 012 025 05 =10 AplA, tion 0 012 025 05 210
0.4 A 32 2.7 1.8 0.84 0 0.8 A 0.76  0.64 044 0.20 0
B 5.0 42 2.8 1.3 0 B 1.2 1.0 0.65 030 0
C 5.8 4.8 32 1.5 0 C 1.4 1.2 076 036 0
D 4.9 4.1 2.7 1.3 0 D 1.2 099 0.65 0.31 0
0.5 A 2.3 1.9 1.3 0.60 0 0.9 A 0.60 048 032 0.16 0
B 3.6 3.0 20 090 0 B 095 0.80 0.55 025 0
C 40 3-3 22 1.0 0 C 1.1 092 0.64 0.28 0
D 3.4 2.8 19 0.88 0 D 095 078 0.54 0.24 0
0.6 A 1.6 1.3 088 040 0 1.0 A 056 048 032 0.16 0
B 2.5 2.1 1.4 0.65 0 B 085 070 045 0.20 0
C 2.9 24 1.6 0.76 0 C 1.0 084 056 0.28 0
D 2.5 2.1 14 0.65 0 D 085 071 048 0.24 0
0.7 A 1.1 0.88 0.60 0.28 0
B 1.7 1.4 090 045 0
C 20 1.6 1.1 0.52 0
D 1.7 14 092 044 0

7-4 Nonuniform Elbow into a Fan Inlet Induced by a 90° Round Smooth Radius Elbow

Without Vanes (AMCA 1973, Fig. 27)

C,
L/D
r/D 0 2.0 >5.0
0.75 1.4 0.80 0.40
1.0 1.2 0.66 0.33
1.5 1.1 0.60 0.33
2.0 1.0 0.53 0.33
3.0 0.66 0.40 0.22
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7-5 Nonuniform Elbow into a Fan Inlet Induced by 90° Mitered and Multipiece Elbows
Without Vanes (AMCA 1973, Fig. 29)

Mitered
L/D 0 2.0 >5.0 L
c, 32 2.0 1.0
— 7
| e Y
"I V,
—— - —— - —
1
L. J"I

Three-Piece
% T
L/D

¥D 0 2.0 >5.0 o

0.50 2.5 1.6 0.80 R ____‘_I"_
0.75 1.6 1.0 0.47 |L- 17y

1.0 12 0.66 0.33

1.5 1.1 0.60 0.33

2.0 1.0 0.53 0.33

3.0 0.80 0.47 0.26

Four-Piece or more L
C0
LID

¥D 0 2.0 >5.0 e
' \")

0.50 1.8 1.0 0.53 (. _o
{

0.75 1.4 0.80 0.40 Lo

1.0 1.2 0.66 0.33 _‘l

1.5 1.1 0.60 0.33
2.0 1.0 0.53 0.33
3.0 0.66 0.40 0.22

7-6 Nonuniform Elbow into a Fan Inlet Induced by a 90° Square Smooth Radius Elbow
(AMCA 1973, Figure 35A)

Square Elbow with an Inlet Transition,® No Vanes

CO

F—t—
L/D T
U
) 0 25 >6.0 L | |
0.50 2.5 1.6 0.80 —
0.75 2.0 12 0.66 b Y, r
¢ [ o]

1.0 12 0.66 0.33 ‘L_:"r
1.5 1.0 0.57 0.30
2.0 0.8 0.47 0.26
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Square Elbow with an Inlet Transition,? Full Radius Vanes Equally Spaced

S i
LD T
rD 0 2.5 >6.0 N
0.50 0.80 0.47 0.26 S - ‘_;1
1.0 0.53 033 0.18 : - V, /
1.5 0.40 0.28 0.16 -y
2.0 1.26 0.22 0.14

Square Elbow with an Inlet Transition,? Short Vanes per Fitting 3.8

C0 i-‘—ll——l
LID T
i
) 0 25 >6.0 L +._.1
0.50 0.80 0.47 0.26 r
1.0 0.53 0.33 0.18 P V.| %
1.5 0.40 0.28 0.16 c-oy
2.0 0.26 022 0.14

2 The inside area of the square duct (H x H) is equal to the inside area circumscribed by the fan inlet collar. The maxi-
mum angle of any converging element of the transition is 15° and, for a diverging element, 7.5°.

7-7 Fans Located in Plenums and Cabinet Enclosures (AMCA 1973, Figure 35A)

2L
! l L c,
< h A X 0.75D 0.22

{: | 1_ | ] 0.5D 0.40

D 04D 0.53

03D 0.80

u ) 02D 1.2
\EOUA@j

7 EQUAL

L+

7-8 Fan Without an Outlet Diffuser (AMCA 1973, Figure 19)

OUTLET AREA ——
BLAST AREA —!

CuTOFF Poor; should not be used.

Ap/4, 04 05 06 07 08 09 1.0
¢, 20 20 10 080 047 022 0
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7-9 Plane Asymmetric Diffuser at Fan Outlet Without Ductwork (Idelchik et al. 1986, Diagram 11-11)

FREE DISCHARGE c,

o AylA,

A
/ 4 : degrees 1.5 2.0 2.5 3.0 35 4.0

10 0.51 0.34 0.25 0.21 0.18 0.17

6 A
% ° 15 054 036 027 024 022 020

r 20 0.55 0.38 0.31 0.27 0.25 0.24
&

H, 25 0.59 0.43 0.37 0.35 0.33 0.33
7-10 Pyramidal Diffuser at Fan Outlet Without Ductwork (Idelchik et al. 1986, Diagram 11-11)

f
!

30 0.63 0.50 0.46 0.44 0.43 0.42

35 0.65 0.56 0.53 0.52 0.51 0.50

If diffuser has a screen, use Fitting 6-7 to calculate screen resistance.

FREE DISCHARGE p

0
A 0, Aq/A,
degrees 1.5 2.0 2.5 3.0 35 4.0
2] 6 10 0.54 0.42 0.37 0.34 0.32 0.31
Ao 15 0.67 0.58 0.53 0.51 0.50 0.51
20 0.75 0.67 0.65 0.64 0.64 0.65
L _ 1 __} 25 0.80 0.74 0.72 0.70 0.70 0.72
30 0.85 0.78 0.76 0.75 0.75 0.76
If diffuser has a screen, use Fitting 6-7 to calculate screen resistance.

7-11 Plane Symmetric Diffuser at Fan Qutlet with Ductwork (Idelchik et al. 1986, Diagram 5-12)

—N—— —Ne—

CO
A4,
A 8,
// degrees 1.5 2.0 2.5 3.0 35 4.0
10 0.05 0.07 0.09 0.10 0.11 0.11
—
8 15 0.06 0.09 0.11 0.13 0.13 0.14
20 0.07 0.10 0.13 0.15 0.16 0.16
/“Ao

V4 25 0.08 0.13 0.16 0.19 0.21 0.23

35 0.24 0.34 0.39 0.44 0.48 0.50

rr\ ] 30 0.16 0.29 0.39 0.32 0.34 0.35
& t
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7-12 Plane Asymmetric Diffuser at Fan Outlet with Ductwork (Idelchik et al. 1986, Diagram 5-13)

A
A

61

|
N

—
Y

At

G

0 AqylA,
M Gegrees 15 28 25 30 35 40
4 10 008 009 010 010 011 0.1
15 010 011 012 013 014 015
L4 20 012 014 015 016 017  0.18
= 25 015 018 021 023 025 026
—E—-—]‘ 30 0.18 025 030 033 035 035
35 021 031 038 041 043 044

7-13 Plane Asymmetric Diffuser at Fan Outlet with Ductwork (Idelchik et al. 1986, Diagram 5-14)

N

0°

N

A
| ]

Cl)

6, Ay/A,

degrees 1.5 2.8 2.5 3.0 35 4.0
10 0.05 008 0.11 013 013 0.14
15 0.06 010 0.12 0.14 015 0.15
20 0.07 011 0.14 015 016 0.16
25 0.09 014 0.18 020 021 022
30 013 018 023 026 028 029
35 0.15 023 028 033 035 036

7-14 Plane Asymmetric Diffuser at Fan Outlet with Ductwork (Idelchik et al. 1986, Diagram 5-15)

L\'oe
6
\ (
ARA!
o\
\
W\

“J\F"

L 8y

Ao

G

6, Ay/A,

degrees 1.5 2.8 2.5 3.0 35 4.0
10 0.11 0.13 0.14 014 0.14 0.14
15 0.13 015 0.16 017 0.18 0.18
20 0.19 022 024 026 028 0.30
25 029 032 035 037 039 040
30 036 042 046 049 051 0.51
35 044 054 0.61 064 066 0.66
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7-15 Pyramidal Diffuser at Fan Outlet with Ductwork (Idelchik et al. 1986, Diagram 5-16)

+N—r —]—3\0—‘

C0
A o AylA,
% 1 degrees 1.5 28 25 30 35 4.0
10 010 018 021 023 024 025

15 023 033 038 040 042 044
Ao 20 031 043 048 053 056 0.58

8
£ 25 036 049 055 058 062 0.64

30 042 053 059 064 0.67 0.69

-

~
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